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Cnoco6 npeAHasHaMeH aha McnonbsOBaHMfl b 
3HeproMaiuMHOCTpoeHMM. Cnoco6 BKniOHaeT 
pacLunpeHne A03ByKOBoro noioKa pa6oMeM 
cpeAbi c noABOAOM k Heiviy lennoTbi ot BHeuiHero 
MCTOMHMKa sHepmn Ha 6onee BbicoKOM 
TBMnepaTypHOM ypoBHe, pacLUMpeHMe noTOKa c 
oT6opoM MexaHMMecKoj^ pa6oTbi, OKaTMe 
pa6oMe^ cpeAbi naMGHeHMeM cKopocni noTOKa v\ 
BO^AeficTBMeM Ha nero AonojiHMTe/ibHbiM 

MCTOMHMKOM 3HepmV1 Ha 6onee HliSKOM 

TeMnepaTypHOM ypoBHe. flpM BoaAeRcTBUM na 
noTOK AononHMiejibHbiM MCTOMHMKOM sHepruM K 
noTOKy pa6oHeM cpeAbi noABOA^iT 
AonoriHMTenbHyK) snepruK) nnn seiAecTBO. 
Cnoco6 Mo>KeT 6b!Tb peannsoBaH npn 
Teis/jnepaiypax pa6oMeM cpeAW MeHbLUMx ypoBna 
oKpyKatoLAOM cpeAbi. M3o6peTeHkie 

o6ecneMMBaeT noBbiiueHMe KflA 



TennoMexaHMHecKMX npeo6pa30BaHMM m 
pacLUkipneT o6nacTb npMMeHeHnn. 7 3.n. c(3-nbi, 6 

MJl. 

H 



I 
1 






2 












hi 


3 






0U2.1 


^ 

S 



Hi 



Hz 



-1- 




(51) Int. Cl7 



61 C2 



2 16| 

F 03 G 7/06, F 01 K 27/00 



7} 
C 

fO 



RUSSIAN AGENCY 
FOR PATENTS AND TRADEMARKS 

(12) ABSTRACT OF INVENTION 



(21), (22) Application: 98107977/06. 20.04.1998 


(71) 


Applicant: 






Samkhan Igor' Isaakovich 


(24) Effective date for property rights: 20.04.1998 






(72) 


Inventor: Samkhan I.I. 


(46) Date of publication: 20.01.2001 






(73) 


Proprietor: 


(98) Mail address: 




Samkhan Igor' Isaakovich 


150014, g.Jaroslavi', ul. B. Oktjabr'skaja 




73, kv.87, Samkhanu 1.1. 







(54) LOW-TEMPERATURE HEAT ENERGY-TO-MECHANICAL WORK CONVERSION METHOD 

enlarged sphere of application. 8 cl. 6 dwg 



(57) Abstract: 

FIELD: power engineering. SUBSTANCE: 
method includes expansion of subsonic 
operating medium flow with supply of heat 
from external source of energy at higher 
temperature level, expansion of flow with 
taking off of mechanical work, and 
compression of operating medium by changing 
flow velocity and exposure to action of 
energy from additional energy source at 
lower temperature level. When flow is acted 
upon by energy from additional source, 
additional energy or agent is supplied to 
operating medium flow. Method can be used at 
operating medium temperatures lower than 
those ambient medium. EFFECT: increased 
efficiency of heat-mechanical conversions. 
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B MacTHocTM K cnoco6aM. iicnonb3yK)L4iiM 
pa6oMyK} cpefly b ra30o6pa3Hof^ mjtvi whakoA 
ct)a3ax nn9\ nonyMGHMH Mex^M^cKoPi aneprMM m3 

TennOTbl BHOLUHe^^B MCTOHHMKa, 

npeAnoMTHTenbHO HHSKOTe^Q^TypHoro 

MCTOHHMKa. 

LLlMpoKO M3BecTHbi cnoco6bi npeo6pa30BaHHfl 
TennoBOM SHepmn b pa6oTy b napoTyp6MHHbix 
arperaiax, pa6oTaK)aiMX no MMK/iy PeHKHHa. B 
3TMX cnoco6ax nponsBOAHTCfi OKatwe pa6oHeM 
)KkiAKOCTki, ee HarpeBaHkie ot BHeujHero 
rennoBoro MCTOHHkiKa c o6pa308aHiieM napa, 
pacLUdpeHvie napa c nonyMeHtieM MexaHimecKO^ 
SHeprviM (pa6oTbi), oxna)KAeHMe m KOHAeHcaL(Mfl 
napa ao >KMAKoro cocTonHMfl b npoi^ecce 
TennoBoro BsanMOAeMCTSMfl napa c 

AOnonHMTenbHblM TennOBblM kICTOHHMKOM, B 

KaMecTBe KOToporo McnonbsyeTcsi OKpyTKaiou^ee 
npocTpaHCTBo [1]. 

MsBecreH cnoco6 npeo6pa30BaHM5i rennoTbi 
B pa6oTy [2], e KOTopoM Bbipa6oTKy 
MexaHkiMecKof^ 3HepmM npoBOAi^T pacLu^peHMeM 
B Typ6MHe AByxc|3a3Hofi pa6oMek^ cpeAbi (cMecM 
napa m )kmakoctm), a fxnfi saMbiKaHiin qiiK/ia 
pa6oHyio cpeAy nocne Typ6MHbi pasAenflioi Ha 
napoeyK) m )KHAKyK) cocTasnflwu^ne, nepayra m3 
KOTopbix oxna>KAaK)T m KOHAeHCupyjoT npM 
TennoBOM KOHiaKre c AononHnre/ibMbiM 

MCTOMHMKOM SHepmH OKpy>KaK)L14eM cpeAOM, 

npMMeM AaBneHMG o6LJL;ero noTOKa pa6oHefi 
cpeAbi noBbiLuaK>T CMemeHMeM pa3orHaHHoro ao 
cBepx3ByK0Bbix cKopocTeM noTOKa napa pa6oHefi 
cpeAbi M noTOKa ee HarpeToro >KMAKoro 

KOMnOHGHTa. 

MsBecieH cnoco6 [3] npeo6pa30BaHMfl 
rennoBOM aHeprnn BHeuiHero ncroMHUKa rennoTbi 
B MexaHUMBCKyK) pa6oTy, no3Bony?K)iAMM 
noBbicnTb Koo(^dp\AL\]AeHT nonesHoro AewcTBHH 
TennoBoro arperara ao 3HaHeHMM, 6nmmx k 
eAMHML^e, T.e. ao nonHoro npeBpau^eHMfl 
TennoTbi pa6oMeM cpeAbi b MexaHimecKyio 
pa6oTy. B stom cnoco6e, BicniOMaioLAeM 
HarpeBaHvie pa6oHeii cpeAbi, ee pacujHpeHkie c 
RonyMeHneM MexaHMHecKOM pa6oTbi m OKaiMe, 
cTonb BbicoKafl acjDcfjeKTMBHOCTb AocTuraeTCfl 
pasAeneHMeM pa6oHevi cpeAbi b i4eHTpo6e)KHOM 
none cBepxaayKOBoro saKpyMeHHoro noTOKa Ha 
"ropflHue" M "xonoAHbie" cocTaBn^raii^Me, nepsyio 
H3 KOTopbix McnonbsyKDT f\ns^ pereHepai^MM 
TennoTbi \a noBTopHoro pacLUkipeHkin, a BTopyK) 
nepeA HarpeeaHMeM npeABapHTenbHo oKMMatOT 
B KOMnpeccope. 

kl3BecTeH cnoco6 npeo6pa30BaHHn Ten/ioBovi 
3HepmM BHeLUHero MCTOMHMKa TennoTbi b 
MexaHvmecKyio pa6oTy, Bbi6paHHbiM b KanecTBe 
ananora, HaM6onee 6nn3Koro k npeAnaraeMOMy 
M3o6peTeHMK) no coBOKynnocTM npM3HaK0B 
(npoTOTMn), 3aK/iK)MaK)iAMPicfl b nonyneHMH 
MexaHMHecKoui pa6oTbi b 6ecKOMnpeccopHOM 
qnKJie aaMKHyToii ra30Typ6nHHOM ycTanoBKM [4]. 
Oh cocToi^T B cneAyK)U4eM. B noAorpeaaeMOM 
A03ByK0B0M KaHa/ie ra3 (pa6oHyK) cpeAy) 

pa3rOHflK)T AO CKOpOCTM 3ByKa. CTaTMCTMMeCKafl 

TeMnepaiypa rasa npn 3tom noAAep)KMBaeTcn 
nocTo$iHHoii 3a cner noBbiLuenvin cKopocTn 
noTOKa npn M3MeHeHViM nnoLAaAM Kanana. f![anee 
ra3 nociynaeT na Koneco aiaviBHOM rypGnHbi, 
TAe pacLunpneTCJi c noHM>KeHneM CKopocTH n 
coBspiuaeT paGory. flocne Typ6MHbi rasoBbivi 

nOTOK paCLUkipRIOT B CBepX3ByKOBOM 

Ten/ioii30JiMpoBaHHOM con/ie. SareM a^^ 
saMbiKaHMR i4MKna ras noAaioT b CBepx3ByK0Bci) 
oxna?KAaeMb!(i A^ctxt^ysop, s kotopom AasneHMe 
ra3a noBbiujaeTC$i (ra3 oKMMaioT) npti 
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3a cMeT ii3MeHeHiin reoMerpHM conna m 
nepeAaHM nacTM rennoBOM 3HepniM noTOKa 
AononHMTenbHOMy ^^joHHUKy aHepmn 
xonoAMJibHMKy. nc^^pbToro \\mn 3aMbiKaiOT 
TopMOJKeHMeM ra3^^(pa6oHeM cpeAbi) b 
TennoM3onMpoBaHHOM con/ie c 

npeo6pa30BaHneM KHHeTHHecKOM sHeprni/i 
ABM)KeHMn noTOKa b noTeni^nanbHyKD aneprviio 
pa6oMeM cpeAbi. 

M3BecTHbiM cnoco6 o6naAaeT 

34)ct)eKTiiBHOCTbio MkiKna KapHO, a 6naroAap^ 
perynMpoBaHHK) CKopocTH noTOKa pa6oMe^ 
cpeAbi KaK AononHMTenbHoro napais/ierpa 
npoL^ecca b 3tom qMtcne yAaeTcn o6oMTkicb 6e3 
npMMeHeHiifl KOMnpeccopa Ann 3aMbiKaHM5^ 
qMKna. 

HeAOCTaiKOM MssecTHoro cnoco6a flanfleTcn 

HeB03M0>KH0CTb AOCTaiOHHO 3Cj3C}3eKTMBHOrO 

npeo6pa30BaHM« lennoibi b pa6oTy, t.k. m b 
3T0M cnoco6e 3HaMMTenbHa$i nacTb noABOAMMOM 
TennoBoi^ 3HeprMM TepneTCfl b xonoAMnbHMKe 
(AononHMiejibHOM MCTOMHMKe SHepruM). 
Oco6eHHo 6onbiuMe noiepM TennoBoCi snepmn 
(AO 80%) B03HMKaK)T B 3TOM cnyHae npw 
McnonbsoBaHUM BHeajHux lennoBbix mctomhmkob 
c TOMnepaTypoM 100-150°C. 

UenbK) npeAnaraeivioro M3o6peTeHMn 

9\BmeiC9\ nOBblLUeHUe K03Ct3C|)ML4MeHTa 

none3Horo AeMCTBH^i TennoBoro arperara 3a 
CMBT nonHoro npeo6pa30BaHM5) TennoTbi 
pa6oMeM cpeAbi, nonyMaeis/io^ ot BHetUHero 
MCTOMHMKa, B MexaHi^MecKyK) pa6oTy. 

yKa3aHHaH L\enb AocTuraeTca lewi, mto m 
cnoco6e npeoGpaaoBaHun lennoBoPi aneprnH 
BHeLUHero ncTOMHMKa TennoTbi b MexaHMHecKyK) 
pa6oTy, BKnJOMaKDQ^eM HarpeaaHMe (noBbimeHne 
SHepmn) A03ByKOBoro noTOKa pa6oMeM cpeAbi 
nepeAaneM eiviy lennoTbi ot BHeiuHero 
MCTOHHMKa. pacLunpeHMe noTOKa c BbinojineHMeM 
MexaHMMecKo^ pa6oTbi, ii3MeHeHiie CKopocTM 
ABkDKeHMfl noTOKa perynMpoBaHMeM reoMeTpMki 
conen mhm KananoB m 3Heproo6MeHa c 
AononHMTe/ibHbiM mctomhhkom 3HepmM, a TaiOKe 
OKaTue pa6oMeM cpeAbi nyTeM TopMOKenvin 
noTOKa c npeo6pa30BaHMeM ero KMHernHecKoPi 
3HeprnM ABM>KeHM5i B noTeHquanbHyio, 
3Heproo6MeH Me)KAy noTOKOM pa6oHeM cpeAbi m 
AononHMTenbHbiM mctomhmkom 3HeprMM, 
ocyii^ecTBnneMbiM npii M3MeHeHtiii cKopocTH 
noTOKa, npoBOA^T c noABGAeHMeM k paGonen 
cpeAe noTOKOB SHeprbiM h/m/im Maccbi 
(eeu^ecTBa). 

TexHMHecKMM pe3ynbTaT ycMnnBaeTCJi, ecnw 
nocne pacujupeHUfl noioKa ero cKopocTb 
yaennHUBaioT ao sHaMeHUM GonbiuMX cKopocTn 
3ByKa. 

KpoMe Toro, oco6eHHocTnMM npeAnaraewioro 
cnoco6a, npMBOA^LMMMM k AocTki>KeHMio 
TGXHMMecKoro peaynbTaTa, flsnflioTCfl: 

Mcnonb30BaHMe b KanecTBe 
AononHMTejibHoro MCTOMHViKa anepniM mctomhmio 
MexaHdsecKOM pa6oTbi (BMecTO TennoBoro 
MCTOMHMKa B npoTOTMne); 

Mcnonb30BaHvie b KanecTBe 
AononHMTenbHoro MCTOHHUKa sneprnn MacTH 
o6ii\ero noTOKa pa6oMeM cpeAbi noBbiixiGHHoPi 
nnoTHOCTM, KOTopyK) npeABapnTenbHO BbiAennioT 
M3 o6LL;ero noTOKa pa6oHeM cpeAbi nocne ero 
pacQjupGHMfl c noMoi^bK) rpaBMTai4MOHHoro M/wnM 
L4GHTpo6G)KHoro Honef^, a saTeM BnpbicKMBaioT 
(bboa^t) b ycKopeHHbif^ noTOK APyro^ nacTM 
paCoMePi cpeAW noHM>KeHHofl nnoTHocTw; 

- npHMeneHMe b KanecTBe pa6oHei^ cpeAbi 

CMeCM KOMnOHeHTOB C pa3n(4HHblMl1 
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r Mcnojib30BaHMe B KasecTee pa6oHiiX cpeA 
CMecePi )kmakmx m ra30o6pa3Hbix Beu^ecTs; 

npoBOfxeme ^^^orocTyneHMaroro 
HarpeeaHMfl m pacLUMpeHvis^^neM cpeAbi; 

- npoBeABHue HenOTjBBcTBeHHo nepefl 
HarpesaHneM pa6oHeM cpeAbi ee 
flonoriHMTenbHoro OKains. 

B sajiBneHHOM cnoco6e b ornnHne or 
M3BecTHoro cnoco6a npoMecc OKaiMfl pa6oHeM 
cpeAbi B cBepxsByKOBOM AMct34>y3ope, 

npOBOAilMblkl CHkDKeHkieM CKOpOCTM j:\BVi)Kem9\ 

noTOKa c oT6opoM lennoBoih 3HeprMM, 3aMeHflK)T 
npoL^eccoM oKarm pa6oMei) cpeAbt b icaHane 
nepeMeHHoro ceMeHun c roaboaom BemecTsa 
unM sHepruM, HanpuMep MexaHUMecKOM. 

B npeAnaraeMOM cnoco6e A^fl 3aMbiKaHM« 
i^MKna oKaTue noTOKa pa6oMeM cpeAbi npM 
cosepiueHMM pa6oTbi npoBOA^T c 
OAHOBpeMeHHbiM M sHepreTMHecKti 

3KBMBaneHTHblM nOBblLUeHMeM CKOpOCTH 

ABifDKeHMfl noTOKa. B 3tom cnyMae npoL4ecc 
noBbiueHM^i ^,aBneH\AS^ pa6oMeR cpeAbi mombj 
npoTeKaTb npki nocTo^iHHbtx 3HaMeHMflx 
SHTanbRMM M TewnepaTypbi noTOKa. 

3to nono>KeHMe noncHfleicq c 
i^cnojibsoBaHkieM Bbipa^KeHVin 3aK0Ha 
coxpaHeHMfl aHeprnn a^« noTOxa 

aH = Q+A+W. (1) 

onpeAennioLi^ero saB^ckiMcxTb viZMeHenm 
3HTa/ibnMM AH Beu^ecTBa xax or BeiiMMHH 
noTOKOB TennoTb! Q m pa6oTbi A, laK m ot 

BenMHMHbl KMHeTMMeCKOM SHeprUM ABM>KeHMfl 

cpeAbi W. Ms (1) cjieAyer, mto anf\ 
TpaAMquoHHoro cTaiMHecKoro MAeanbHoro 
rasoBoro qrncna KapHO, npoTeKaraL^ero 
6ecKOHeMHO MeA/ieHHO (W = 0), OKaiMe mhm 
pacLUkipeHkie pa6oMeM cpeAbi b MsoiepMUHecKt^x 
(T = const) M ti303HTanbnMMecKMX (H = const) 
npoL^eccax bo3mo)kho nMiub npii oAHoapeMeHHOM 
o6MeHe pa60Mef) cpeAbi \a hctomhukob 3Hepi>iki 
SKBMBaneHTHbiMM KOHMMecTBaMvi TennoBof) Q, n 
MexaHHMecKof) A| dHepmii Ha Ka)KAOM 
TSMnepaTypHOM yposHe Tj i.e. npn nocTOHHHOM 
TeMnepaiype nMeer MecTo paseHCTBo 

AHj= Qi+Aj= 0 M ±Qi= +Ai. 

B M3BecTH0M cnoco6e (npoTOTMne) 
MSOTepMUHecKoe OKaTMe (n pacLUMpeHne) 
pa6oHeM cpsAbi ocymecTBJifliOT JiMiub npn oahom 
c|DopMe B3aMM0AeMCTBM« pa6oMeii cpeAbi c 
MCTOHHMKaMM SHeprMM, a MMeHHO npM TennoBOM 
B3aMM0AeMCTBMM, B TO BpeMP KaK o6MeH 

MexaHMMecKOM SHeprweii (pa6oTOM) npn 3tom 
OTcyTCTByei (A = 0) (i.e. L;mai 
6ecKOMnpeccopHbiM). FIoctorhctbo SHTa/ibnyiM m 
TeMnepaTypbi pa6oMeM cpeAbi b stom cnyMae 
AOCTwraeTCJi oT6opoM ot noToxa lennoBOM 
3Hepmvi (oxna>KAeHMeM noToxa) ti cm)KeHv\eM 
ero CKopocTM npn OKaiMM pa6oHei^ cpeAbi m 
HarpesoM noioKa c noBbiLueHneM ero cKopocTH 
npn pacLUnpeHViM, m/im HHane npn A = 0 
Bbipa>KeHMe (1) npeoepasyeTCfl x BMAy 

AHi= Qi+Wi=OM±Qi= TWj. 

B saflB/ieHHOM cnoco6e npeAnaraercs^ (b 
cnyMae rasoBoro i^Mxna) npoBOAHTb 
M30TepMMMecKoe (m M303HTanbnkiHecKoe) oxaTHe 
pa6oMeM cpeAbi nocne Typ6MHbi npn nepeAane 
noToxy SHeprnn, HanpuMep, nyreM cosepiueHMfl 
MexaHMMecKoii pa6oTbi, v\ noBbtmeHMe ero 
CKopocTM 3a cMei H3MeHeHMfl reoMeipHMecKHX 
pasiwepoB conen (KaHanoe), i.e. b 3tom cnyMae 

aHp A|+Wi= 0 M -A= Wi. 

Oco6eHH0CTnMM 3HepreTMMecKoro 6anaHca 
npeAnarasMoro cnoco6a nBJiflK>Tcn 
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npeo6pa30BaHMn rennoBOvi 3HepmM pa6oMeM 
cpeAbi Qouti nonyMaeMOH ot BHeiUHero 
TennoBoro ncTOMHi/^^^MexaHUMecKyio aHepmio 
Aout. nepeflaeaeMy^^RuHeMy noTpe6MTenK): 

- ncnojibsoBaHne Asyx mctohhmkob TennoBOM 
3HepriiM Ann nepeAaMM pacLUMpniOLi^eMycn 
noToxy pa6oMeM cpeAbi TennoBoii SHepmii 

^ ^ Ha BepxHeM TewnepaTypHOM ypoene 

T ^ LIMKJia, OAHMM M3 KOTOpblX flSnfleTCfl BHeLUHMM 

TennoBoPi mctomhmk TennoTbi c TennosbiM 
noTOXOM Qout. a ApyroPi - BnyTpeHHUM c 

TenJIOBblM nOTOKOM Qin, BblAenniOU^klMCfl 

npeo6pa30BaHHeM MacTM cKopocTHoro Hanopa 
noToxa B pa6oTy TpeHM« (sHyTpeHNHH pa6oTa) m 
pasHbiM KonnMecTBy sHepruM A2, saTpaMeHHOM 
npki oxaTbiM noToxa na Hvi>KHeM Teis/inepaTypnoM 
ypoBHe T2 qnxna (Qi = Qout + Qn = Qoui + A2). 

npMMeHkiTenbHO x HAea/ibHOMy rasoBOMy 
qiixny c vi30TepMMMecKMMM npoL^eccaMid oxaiMfi 
M pacLUMpeHkin KonviMecTBeHHbie cooTHOUieHki;i 
Me>KAy pa6oTOM Aqui. nepeAaaaeMOM BHeiuHeMy 
noTpe6MTenio, TennoBOM sHeprweM Qout. 
nonyMeHHofi hotokom ot BHeiuHero TennoBoro 
MCTOMHHxa npM TeivinepaType T-i, KonkiMecTBOM 
sneprMM A2, nonyMeHHoii piotokom npn oxaTnn na 
TeMnepaTypHOM ypoene T2 m o6\i\\aw[ 
XOHMMeCTBOM lennoTbi Q^ = (Qout + A2), 
noABeAeHHbiM x noToxy npM TeMnepaiype T-i, 
onpeAejineTc^i Bbipa)KeHiieM 
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Q -A 

^1 2 



T -T 

1 2 
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^1 ^1 ^1 1 

ct^opManbHO noxo>KkiM Ha TeivinepaTypHyio 
sast/ici^MocTb K034:)c|3Mi4MeHTa nonesHoro 
AeMCTBMfl qnKna Kapno. 

OAHaKO, B OTnuMne ot qnKna Kapno m 
cnoco6a npoTOTuna, b saflBn^eMOM cnoco6e 
KonnMecTBO noTpe6nfleMOM TennoBOM 
SHeprviii Qout npaxTviMecxM no/iHOCTbio 
npeo6pa3yeTCfl b OTBOAHMyio MexaHMMecxyio 

SHeprMK) Aout, T.e. Aout = Qout He3aBMCMM0 KM OT 

3HaMeHMM TewnepaTyp, hm ot senHMUHbi 
TeMnepaTypHoro Ananasona aT = TrT2. 
TeMnepaTypHbiM Ai^ana30H onpeAenneT nMiub 
npoHSBOA^TenbHOCTb qkiK/ia, t. e. 
KontiMecTBeHHbie snaMeHMfl noTOXOB Qout ^ Aout- 
ripuMeM, xaK cneAyeT m3 (2), 
pa6oTOcnoco6HocTb i^nKna BOspacTaeT c 
yeennMeHneM ero TeivinepaTypHoro 

AMana30Ha aT = TrT2, xoTopoe Tax )xe KaK b 
cnoco6e npoTortina mo^kbt 6biTb AocTurnyTo 
noBbimeHMeM cxopocTH noTOKa ao 

CBepxSByXOBblX 3HaMeHl1k1. 

OGii^ee Koni^MecTBO Bbipa6aTbiBaeMOM b 
TaKOM qnKTie MexannMecKOM sneprnn 

^ 1 onpeAenfieTCfl, Kax o6biMHo, anre6paMMecK0M 
cyMMof^ noToxoB 3HepmM aepxHero m HM)KHero 
TeMnepaTypHoro (sHepreTMMecxoro) ypoBHevi 
Mkixna, T.e. 

Ai = Qi = Qout + A2 > Aout- 

MacTb Bbipa6aTbiBaeM0M npM stom 
MexaHMMecKOM 3HeprMM, paenofi A2, ncnonbsyiOT 
B xaMecTBe BHyTpeHHero, perenepaTHBHoro 
AononHMTenbHoro HCTOMHMKa 3HeprMM, a 

OCTanbHyiO MaCTb Aout = Qout OTBOA^IT BHeUJHeMy 

noTpe6MTenK). 

rio AOCTuraeMOM CTeneHH npeo6pa30BaHMj? 
noTOKa TennoBOM aneprvin BneiuHero ncTOMHUxa 
B MexaHMMecxyio SHepniK) 3a5iBneHHbiM cnoco6, 
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ooQTBeTCTBeHHO. cnoco6 npoTOTMna, 
(paHjmecm 3KBMBaneHTeH aHajiornMHOMy 
cnoco6y [3] c pereHepaMM||wrennoBOM aHeprvm 
noTOKa pa6oHefi cpeAbi Hi^^BdHepreTMMecKoro 

ypoBHfl c npuMeHBHHeM LPBpo6e>KHbix noneM. 
OflHaKO, B OTHMHUM OT MSBGCTHoro aHanofa [3], 
npeAxiaraeMbiH cnoco6 MO>KeT 6biTb npou^e b 
ocyLi^ecTBneHMM m-za oTcyTCTBus 
MHorocTyneHHaiof^ cucieMbi pereHepai4MM n 
AonycKaeT Mcnonb30BaHwe HMSKoieMnepaTypHbix 
TennoBbix mctomhmkob M3-3a OTcyrcTBuw 
orpaHvmeHM^ TeMneparypHoro A^anaaoHa L^viKna 
ypoBHBM OKpy>KaK)iMef) cpeAbi. 

3aflBJifleMbi£^ cnoco6 mokot 6biTb TaK)Ke 
peaniisoBaH c npMivieHeHMeM pa6oMHX cpeA b 
BMAB cno)KHbix MHorocj^aaHbix 

naporaaoKMAKOCTHbix cMeceM. B 3tom cjiynae 
noBbiLueHbie ABBneHvifl pa6oMefi cmbcm nocne 
Typ6viHbi, Heo6xoAMMoe ^n9{ saMbiKaHMfl qHKJia, 
npoBOA$iT c i4cnonb30BaHHeM 6o/iee nnoiHoih 
)KMAKOM 43a3bi B KaMecTBe AononHMTe/ibHoro 

MCTOMHMKa SHeprVIM M BeiHeCTBa. flpM 3T0M 

noBbiLueHMe AaB/ieHiin pa6oHeM cpeAbi 
npoMcxoAMT 3a cmbt CHUJKeHun ee BHyTpeHHew 
SHeprMM. HpoL^ecc ocymecTsnflJOT cneAyrau^HM 
o6pa30M. noTOK pa6oHeM cpeAbi nocne lypdnHbi 
pa3AenflKDT b cenapaiope Ha >KMAKyK) (6onee 
nnoTHyK)) m ra30o6pa3HyK) (Menee nnoTHyK)) 
oocTaBiinioiqMe (<^a3bi). ra30o6pa3HyK) 
cocTaBnflK)LJ4yio o6Li4ero noTOKa pasroH^K)! ao 
CBepx3ByK0Bbix CKopocrefi c noMOU^bto conxia 
JlaBann. flpM 3tom dHeprnn TennoBoro 
(xaoTMMecKoro) RB\Amem9\ rasoBbix Mo/ieKyn b 
3HaMMTenbHOM CTeneHM npeo6pa3yeTCJi b 
KMHeTMHecKyjo sHeprnKD ABM>KeHHfl noTOKa, a 
BHyipeHHJRfl aHeprnfl (n ciaTHCTHMecKafl 
TeivinepaTypa cpeAbi) noHM)KaeTcy?. flanee b 

CBepX3ByK0B0M raSQBbIM nOTOK bboa^t nOTOK 

BbiAe/ieHHOM b cenapaTope >KtiAKocTM. flpki 
CMemeHMM noTOKOB kisMeHRerc^i noKa3aTejib 
ii303HTponbi (aAMa6aTbi) cmbcm, cHM)KaeTCfl 

MBCTHajl CKOpOCTb 3ByKa M PpOMCXOA^T CKaSOK 

ynnoTHeHMfl c npeo6pa30BaHMeM KHHeTkiHecKofi 
SHeprMM noTOKa b noreHqMajibHyK) 3HeprMK) 
OKaTMfi, conpoBO>KAaK)Li4MMCfl KOHAeHcaqneM 
napoBOM c)3a3bi. Do cBoeMy 4)M3MHecKOMy 
CMbicny B03HMKaK)ii^Me b 3T0M cnynae 3c)Dc)3eKTbi 
o6paTHbi M3BecTH0My npoL^eccy 

ApoccennpoBaHMfl fl>Koynfl-ToMcoHa. 

KpoMB Toro, B npeAnaraeMOM cnoco6e 
Hap^Ay c yKasaHHbiMM Bbime npoL^eccaMM 
(onepaMMflMM) bo3mo>kho raioKe npyiMOHeHMe 
TpaAi^MMOHHbix npMeMOB f\n9\ Aa^bHef^Luero 
noBbiiueHM5i pa6oTocnoco6HOCTM MMKna, 
HanpHMep AononHMTenbHoe OKarne pa6oMeM 
cpeAbi B KOMnpeccope HenocpeACTBeHHO nepeA 
ee HarpeBaHkieM, m npuMBHeHne 
MHorocTyneHMaToro HarpeBaHHfl m pacLUMpeHMn 
pa6oMeM cpeAbi. 

Ha 4}Hr. 1. 2 M 3 M3o6pa)KeHbi b KOopAMHaTax 
T-S AMarpaMMbi MAeanbHbix ra30Bbix 
TennoTexHimecKHX i^MKnoB: cooTBeTCTBeHHO 
MaujuHbi KapHO ((p]Ar. ^), arperara. pa6oTatou{ero 
no cnoco6y npoTOTMna (cJjMr. 2) m arperaia, 
pa6oTaK)L^ero no aa^Bn^ieMOMy cnocc6y {<jp\Ar. 
3). Ha <jpv\r. 4 M3o6pa>KeHa b KOopAHHaTax T-S 
AMarpaMMa nAeanbHoro TennoTexHUMecKoro 
i4kiK/ia arperara, pa6oTaK)Li4ero no 3aflBneHM0My 
cnoco6y c kicnonb30BaHMeM napoKMAKOciHOM 
CMecM B KanecTBe pa6oMeM cpeAbi. Ha dpv\r. 5 v\ 
6 noKaaaHbi npkiHi^kinviajibHbie cxoMbi ycTBHOBOK 
Ann ocyu^ecTBneHMfl 3aflBnneMoro cnoco6a 
cooTBeTCTBeHHO B BapMaHTe iicnojib30BaHHn B 
KaMecTBO pa6oHe(^ cpeAbi ra30o6pa3Horo 



AnarpaMMbi hb c|3Mr. 1. 2 m 3 noncHflioT 
oco^HHOCTM npeAnaraeMoro cncxx}6a no 
cpasHeHviK) c MMK/i^^^pHO {(pvir. 1) \a cnoco6oM 
npoTOTMna (ct^Mr. ^^p3Aecb ace yKa3aHHbie 
^ qnK/ibi H3o6pa>Keh^r s BHAe OAHHaKOBbix 
npyiMoyrojibHMKOB 1-2-3-4. ropM30HTajibHbiMn 
yMacTKaMM AnarpaMM 1-2 m 3-4 npeAcraB/ieHbi 
cooTBeTCTBeHHO H30TepMMMecKVie (T = const) M 
MSosHTanbHUsecKne (H = const) npoqeccbi 
pacLunpeHUfl m OKBTHfl HAea/ibHoro ra3a. 3tm 
npoL^eccbi npoTeKawT npw o6MeHe 3HeprMeJ^ 
pa6oMe^ cpeAbi (ra3a) c BHeujHMM kicTOHHi^KOM 
anepmn (ypoaeHb Ti m Hi) h AonojiHUTenbHbiM 

MCTOHHMKOM SHeprUM (ypOBGHb T2 M H2). B 

cnyMae KBaancTaTunecKoro L^njoia Kapno, a^« 

^5 KOTOporO CKOpOCTb M KMHeTMHeCKafl SHeprnfl 

noTOKa paBHbi nynio, npoL^eccbi 
ki303HTajibnviHecKoro pacLUMpeHkin ki c)KaTM5i rasa 
npoTeKaioT npn nannMnn kbk rennoBoro, tbk m 
SKBMBaneHTHoro wexaHMMecKoro 
BsaMMOAeiicTBM;) pa6oMeM cpeAbi ki mctomhmkob 
^ aneprMM na Ka)KflOM yposne Tj m H\, i.e. ecnn 
noABOAMTCfl (oTBOAMTCfl) TennoBBfl SHeprvifl, to 
OAHOBpeivieHHO otboamtca (noABOAMTcyj) paanan 
no BejiMMMHe MexaHMwecKafl SHeprufi m 
Hao6opoT, 

25 B cnoco6e npoTOTuna (cjDMr. 2), 
yMMTbiBaioLMeM andAHHe CKopocTM, MABaxibHbie 
rasoBbie npoueccbi M303HTajibnviMecKoro okbtma 
(3-4, cfjur. 2) M pacLUMpeHnyi (1-2, c|DMr. 2) 
npoBOAflT JiMLUb npM OAHOM (a MMeHHO TennoBOM) 

CjDOpMe B3aMM0AeMCTBMfl C MCTOHHMKaMM 

30 sHepruM, oxna>KAayi CBepx3ByK0B0M noTOK npn 
OKBTMH M Harpesafl AOSByKOBoPt noTOK npi^ 
pacLUMpeHMM. rtpii 3TOM xapaKTBpHoe An$i MMKTia 
KapHO o6R3aTenbHoe MexaHkmecKoe 
BsaMMOAe^cTBkie b sti^x npoqeccax OTcyrcTByer. 

B npeAnaraeMOM cnoco6e, kbk noKasaHo Ha 
<i>v\r. 3, npoqecc nsosHTanbnuHecKoro cmajv\^ 
3-4 npoBOA^T c nepeAaHBM noTOKy 
AononHMTenbHOM sHeprMn, cf^opMa KoropoM 

COOTBBTCTByeT OKaTMK) HOTOKB B AOSByKOBOM MHM 

CBepxaByKOBoPi o6nacTflx ABM>KeHMfl, nanpMMep, 
MexaHMMecKOM pa6oTbi. TeoMeTpHK) conna 
(nonepesHoro ceMeni^a rotokb) npw stom 
perynMpyioT (noA6iipaioT) raKi^M o6pa30M, MTo6bi 
CKopocTb (m KMHeiiiHecKan SHeprMfl) noTOKa \a 
AaaneHne pa6oHeM cpeAbi BoapacTanii. a 
3HTanbnMfl (TeMneparypa) ocTaaanMCb 
45 nocTOflHHbiMM. Oco6eHHOCTbK) npoi^ecca 1-2 
cjDMr. 3 MSOSHTanbRMMecKoro pacujupeHMfl hotokb 
fiBnfleTCfl TO, HTO OT BHeujHero Tennosoro 

MCTOHHMKa HOABOAMTCfl nMLUb MBCTb 

Heo6xoAHMOM Anfl pacLunpeHMfl (narpesa) 
TennoBOM sneprMM Qout. a Apyryio nacTb 3tom 

^ aneprMM Q\n BbiAennioT ot BHyTpeHHero 
MCTOHHMKa (pereHepBTMBHo) npeo6pa30BaHMeM 
M36biTOHHoro cKopocTHoro Hanopa hotokb b ero 
TennoByK) sneprMio nyreM rpeHMR 
(ApoccenMpoBaHMJi). 

^ ripoqeccbi 2-3 m 4-1 na AnarpaMMax cjDMr. 1, 
2 M 3 xapaKTepMsyjOT nepexoA pa6oMeM cpeAbi 
(ra3a) c oAHoro M303HTanbnMMecKoro ypoann na 
ApyroM. ripMHeM, ecnM b qMKne KapHO tbkom 
nepexoA conpoBO>KAaeTCfl o6fl3aTenbHbiM 
OT6opoM (npM pacLUMpeHMM) M noTpe6neHMeM 

60 (npM okbtmm) MexaHMHecKoi^ sneprMM, to b 
cnoco6ax npoTOTMna m npeAnaraeMoro cnoco6a 
OKBTMe pa6o4eM cpeAbi (npoqeccbi 4-1) mokgt 
6biTb ocyii^ecTBneHo b Tenno- m MexaHMMecKM 
MSonMpoBaHHbix connax npeo6pa30BaHMeM 

KMHBTMMeCKOM SHeprMM nOTOKB B 

HOTeHL^ManbHyK), npMBOAflLMyK) K nOBblLUeHMK) 

3HTanbnMM M TeMneparypbi Beu^ecTBa npv\ 
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cpeAbi. 

KpoMe Toro, b saneneHHOM cnoco6e 
HarpesaHMe noTOKa pa6oM||^peAbi bo3MO)kho 
npoBOAMTb He TonbKO liso^^wecKM, HO H npii 
flpyrux ycnoBuqx, HanpHMUBcoSapuMecKM P = ^ 

const, HTO M3o6pa>KaeTcn kpmbom 1-2' 4)Mr. 3. 
OrpesKM 1-5 nsoTepMbi 1-2 m 1-5' n3o6apbi 1-2' 
c{3Mr. 3 xapaKTepM3yK)T o6jiacTM BHyipeHHero 
(perenepaTMBHoro) narpeaa noTOKa pa6oHei^ 
cpeflbi. 

cDnr. 4 MJintocTpupyeT sapiiaHT sa^BJineivioro 
cnoGo6a c iicnonb30BaHiieM napo;KkiAKOCTHOki 
cMecH B KanecTBe pa6oHeM cpeAbi. B 3tom 
cnyMae npeABapurenbHO OKaryK) paGoMyio cpeAy 

B )KMAKOM COCTOnHMH paCUJMpfllOT vi McnapfliOT B 

M3o6apHOM npoL^ecce 1-2 c noABOflOM lennoTbi 
Qout BHeuiHsro TennoBoro MCTOMHUKa. 

06pa30BaBLUHP)csi MOKpbivi M/iM cyxoi^ nap Aanee 
pacQJMpfltOT no aAMa6aTe 2-3 b Typ6MHe 
(AeiaHAepe) c OT6opoM BHeujHef) pa6oTbi. B 
npoqecce SToro pacLUMpenvin TeMneparypa 
noTOKa pa6oMej^ cpeAbi yMeHbuaeTcn \a 
npoMcxoAUT o6pa30BaHMe KOHAeHcuposaHHOM 
(>KkiAK0M) ct3a3bi. flocjie Typ6MHbi MOKpbM nap 
pa3Aenn(OT b cenaparope, nanpuMop, c 
noMOLUbto rpaBMTaL4MOHHoro Mnn L4eHTpo6e>KHoro 
nonefi, na napoByK) n >KMAKyK) cocTaBfiflKDU^ne. 
3tot npoi4ecc na 4)Mr. 4 npeACTasneH 
lUTpuxoBoi^ nnHnef^ 7-3-4-, tomkm 7 m 4 KOTopoJ^ 
pacnonoKeHbi cooTSBTCTBeHHO Ha bstbax 
KMAKOCTM li napa KpMBof) Hacbiu^eHM5i. 3aTeM 
napoByio cocTasnfliou^yK) noTOKa pa6oMeM cpeAw 
pa3roH«»OT B conne JlaBann (npoqecc 4-5 Ha ^ 
4)Mr. 4) AO cBepxsByKOBbix cKOpocTeM, nanpuMep 
AO MMcen Maxa M = 2-5. flpn laKOM noBbiiueHMH 
cKOpocTH SHeprnfl TennoBoro ABM>KeHMfl MoneKyn 
cpeAbi npeo6pa3yeTCfl b KHHeTHHecKyio sneprviK) 
ABM>KeHHfl noTOKa, TeMneparypa m BHyipeHHAfl 
3Heprvifl pa6oMef) cpeAbi noHH)KaiOTc$i. (IpoL^ecc 35 
5-6 Ai^arpaMMbi ct^Mr. 4 MnniocTpMpyeT oiOTMe 
pa6oMefl cpeAbi npeo6pa30BaHiieM 
KMHeTMMecKof^ 3HepriiM noTOKa b era 
noTeHi4ManbHyio sneprMK). 3to npeo6pa30BaHMe 
OCyU^eCTBHJIIOT T0pM0)KeHMeM cBepx3ByKOBoro 
noTOKa napa BBeAenneM b Hero >kmakom (6onee 

nnOTHOM) COGTaBJIfllOLi^eM, npHBOAJlLl^MM K 
peSKOMy CHM>KeHMIO MeCTHOM CKOpOCTM 3ByKa B 
napOKMAKOCTHOM CMeCM H BOSHMKHOBeHMK) 

CKaHKOB ynnoTHeHMfl c wHoroKpaTHbiM 
noBbiujeHMeM AaBnenun paGoneM cpeAbt. Bonee 
noApo6Hbie caeAeHiin o cKaMKax ynnoTHeH^n 
npuBBAeHbi B [2, 5]. KpoMe Toro, na c|)iir. 4 
n3o6pa>KeHbi cneAyioiMMe npoi4eccbi: 

6- 1 - AononHMienbHoe OKaTue 
napo)KMAKOCTHOM pa6oHeM cpeAbi b KOMnpeccope 
c coBepujeHkteM MexaHkinecKoj^ pa6oTbi, pasnoi^ 

Ain; 

7- 8 M 8-6 - nepBOHaManbHoe oxna>KAeHMe ki 
nocneAyiou^ee HarpeeaHHe )KbiAKovi 
cocTaanfliOLAei^ pa6oHe() cpeAbi npM ee 
cMeujeHMM CO caepxsByKOBbiM noTOKOM napa. 

B 3TOM BapnaHTB 3afiB;i«eMoro cnoco6a A^a 
MAeanbHoro quiK/ia TatOKe xapaKTepno nonnoe 
npeo6pa30BaHMe noTOKa lennoTbi Qqui, 
nonynaeMOM pa6oHeii cpeAOM ot BHeiUHero 
TennoBoro MCTOHHMKa, b noTOK pa6oTbi Aqui, 
nepeAaeaeMbif) BHeuiHe^ narpysKe, T.e. qq 
Q out = Aoui- OSii^ee KontmeciBO MexannMecKOM 
snepmn A, Bbipa6aTbiBaeM0M Typ6iiH0M, 
onpeAenneTCfl sHepreTuiHecKMM 6anaHCOM A 
= Qout + Ajp. 

3aflBnfieMbiM cnoco6 npeo6pa30BaHHn 
TennoBOH SHeprviH b MexaHHMecKyio M0)KeT 6biTb 
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ra30Typ6kiHHofi ycraHOSKM, cxeivia KoropoM 
npeACTaB/iBHa Ha ctsiir. 5. Ona coctomt m3 
noAorpeaaeMoro 9^fe| 1. Typ6HHbi 2 c 
oneiaporeHepaTopcj^^PbpxaByKOBoro 

TennoMsojinpoBaHH^^^njia 3, AH^cJ^ysopa 4, 
CHa6>KeHHoro MexannsMOM (KpbinbHaTKOM) 5 aJ1« 
oKaTMfl noTOKa, m TennonaonnpoBaHHoro 
AH(t)ct3y3opa 6. CipejiKaMn na 4)Mr. 5 
o6o3HaMeHbt noTOKM TennoBOM m MexaniiMecKov) 
3HepniM. 

Cnoco6 laiOKe MO>KeT 6biTb peankisoBaH c 
npMMeHeHMeM Apyroro ycTpoPicTea, 
npeACTaeneHHoro b BMAe cxeMbi 4)Mr. 6. 3to 
ycTpoMCTBO npeAciaBJiseT co6om saMKHyibiM 
napoKOHAeHcai^viOHHbifi i^mkh, BicniOHaiOLL^iiM 
HarpesaTenb 1, Typ6MHy c sneKiporenepaTopoM 
2, cenapaiop 3, conjio JlaBana 4, nacoc 5, 
ciyiecviTenb 6 wi KOMnpeccop 7, npMBOAHMbiR b 
AeMCTBue Typ6MH0ii 2. 

143 npeAcraBneHHbix cxbm na 4)Hr. 5 m 6 
cneAyeT, mto ycTanoBioi Ann pea/iMdaqMii 
3anBJi$)eMoro cnoco6a cpaBHMTenbHO npocTbi v\ 
MoryT 6biTb BbinonneHbi npn cyu^ecTByiou^eM 
ypoBHe TexHMtoi. 

ripeAnaraeMbiM cnoco6 no cpaBHeHnic c 
npoTOTunoM nMeei npeMMyu^ecTB: 1) 

noBbiujaeT Kflfl lennoMexaHMHecKHX 
npeo6pa30BaHMM ao snaneHUM, 6nki3KMX k 
eAUHkme; 2) nosBO/iyieT ncnonbsoBanne 

HM3K0TeMnepaTypHblX klCIOHHMKOB TennoBOM 

anepmH m CHM)KeHMe TeMneparypHoro 
A(iana30Ha L^Micna 3a npeAenbi ypoBHH 
OKpy>KaK}Li;evi cpeAbu 

flocTiDKeHMe nono}KMTenbHbix dcfscl^eKTOB b 
npeAnaraeMOM cnoco6e cTaHOBi/iTcn B03MO)KHbiM 
6jiaroAap» npMMeHeHMio cnei^ManbHOM CMCTeMbi 
pereHepai4HM rennoBOM aHepmn paSoMeM cpeAbi, 
paciunpeHHOM nocne coBepujeHUR MexaHUMecKOM 
pa6oTbi. 3Ta cucTeivia pereHepaL^MM 
ocyLAecTBJifleTCfl nepaoHaqanbHo 
npeo6pa30BaHMeM BHyTpeHHeii (TennoBof)) 
3Hepniii pa6oHe(^ cpeAbi b KkiHeTMnecKyio 
anepniK) ABi^>KeHi4$i noTOKa npn cpaBHkiTenbHO 
HM3iaix TeMnepaTypax, a 3aTeM 
npeoGpasoBBHueM KHHeiMHecKOM aneprMH b 
Apyrwe c|3opMbi aneprnn (nojeHquanbHyio, 
Ten/ioByfo n MexaHMHecKyK)) npM noBbiLueHHbix 
TeMnepaiypax. TaKafl pereHepai^Hfl npaKTMHecKM 
He Tpe6yeT aajpai BHeLUHeM SHepmn m 
no3BonfleT AOCTMmyTb BbicoKow cxeneHM 
npeo6pa30BaHMfl TennoBoji) SHepniM BneiuHero 
MCTOMHMKa B MexaHMMecKyio snepmio. 
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Oopiy/iyjia M3o6peTeHMfl: 

1. Cnoco6 npeo6pa30BaHiin 
HM3KOTeMnepaTypH0M lennoBOM sneprnn b 
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pacLU^peHMe noTOKa pa6oHeM cpeAbi hoaboaom k 
Heiviy TennoTbi or BHeiuHero MCTOMHMKa aHepmii, 
paciui^peHvie noTOKa c ot^^m MexaHMMecKoi^ 
pa6oTbi, OKaTue pa6oMei^^nbi HSMeHeHiieM 
CKopocTn noTOKa M BoH^^BVis? Ha Hero 
AonojiHMTenbHbiM mctomhmkom SHepniM, 

OTnMHaiOL14MMCfl TeM, HTO npH B03fleV^CTBHM Ha 

noTOK flonoriHMTenbHbiM mctomhmkom oneprMM k 
noTOKy pa6oHeM cpeflbi noABOflyiT 
flononHMTeribHyK) aneprMK) m/mhm eemecTBO. 

2. Cnoco6 no n.1, oTJiMHaiomMMcw tgm. hto 
nocne pacLUMpeni^fi noTOKa pa6oMeM cpeAbi c 

OT6opOM pa60Tbl CKOpOCTb ROTOKa yBeXlMMMBaiOT 
AO 3HaMeHMjl 6onbUJMX CKOpOCTM 3ByKa. 

3. Cnoco6 no nn.1 m 2, oinMHafoiAMOicfl leivi, 
MTO npM B03AeMCTBMM AonojiHMTejibHoro 
MCTOHHMKa SHeprMM nOTOK OKMMatOT, coBepLua« 

MexaHMMecKyio pa6oTy. 

4. Cnoco6 no nn.1 m 2, oinMHaKDO^MMcn leM, 
MTO B KaMecTBe AononHMTenbHoro MCTOMHMKa 
3HepniM McnojibsyjoT MacTb o6iAero noTOKa 



KOTopyio npeABapMTenbHO BbiAen;?K)T c 
noMoiAbK) ipaBMTaMMOHHoro m/mjih 
qeHTpo6e)KHoro noaft m3 o6iAero noTOKa 
pa6oHeM cpeAbi no^^Bo pacuiMpeHMn, a sareM 
^ BosBpau^aioT o6paTRBnocne ycKopeHMn Apyroi^ 
MacTM paGoMBM cpeflbi. 

5. Cnoco6 no nn.1 - 4, oinma\ou\)Ai^c9\ Tewi, 
HTO B KaMecTBe pa6oMeM cpeAW Mcno/ibsyioT 

CMeCb KOMHOHeHTOB C padHMHHblMM 

KpMTMHecKMMM TewnepaTypaMM. 

6. Cnoco6 no nn.1 - 5, OTJiMMaioiUMMCfi lewi, 
HTO B KanecTBe pa6oHeM cpeAbi Mcnonb3yioT 
MHoroct)a3Hbie cmbcm, HanpkiMep CMecki m^^mx m 
ra30o6pa3Hbix BeiAecTB. 

7. Cnoco6 no nn. 1 - 6, OTHMHaiou^i/iMCfl jeM, 
/5 HTO HenocpeACTBeHHo nepeA HarpesaHneM 

pa6oMyK) cpeAy flononHMTenbho oKMMajoT. 

8. Cnoco6 no nn.1 - 7, OTHMHarau^MMCfl TeM, 
HTO npoBOA^T MHorocTyneHHaToe narpeaaHMe m 
pacLUkipeHMe pa6oHef^ cpeAbi. 
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